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were measured at the end of each min. of g,6-min, run at an absolute worlo.Al
of 6 mph, 0% grade on the treadmill. At TM, Group II 'had a significantly ld..
HR at each min of work butro difference existed in RPE between groups at any
time during the run. At T2', both groups showed a significant decrease in 1R
and RPE during each mrin %en compared longitudinally. The data suggest that
the perception of the intensity of absolute work does not differ in groups
differing in thAir level of fitness when studied cross-sectionally. However,
significant reductions in perceived exertion occur following physical training"
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ASSTRAZT

The purpose of this study wis to :c;.pare the rating of perceived

exertion (RrE) and hert rate (ER) in two groups of 00 r dlitary personnel

whc dlffered in their level of fitrness as deter¶ined by 10, max. At an

Initial testing period (TI). Group represented a sarple of personnel

not participating In a training Progran while Group II hed engaged in an

endurance program (2-4 mile run/day) for 5 months. Six months latcr (T2), z

Groups I and II were retested after having participated in the program for

6 and ii months, respectively. RPE and HR were measured at the end of each

wIn of a 6-mtn run at an absolute workload of 6 mph, 0a grade on the trcad-
mill. At T1, Group 1i had a significantly lower HR at each min of work but

no difference existed in RPE between groups at any tire during the run. At 4

T1, both groups showed a significant decrease in HR and RPE during each min

when compared longitudinally. The data suggest that the perception of the

intensity of absolute work does net differ in groups di'fering in their

level of fitness when studied cross-sectionally. However, significant

reductions in perceived exertion occur followirl physical training.

Index terms: Cross-sectional study, longitudinal study, maximal oxygen

uptake, submaximal ventilation
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Ouring the past fcw years it has bccoma evident that perceptual responses

to phywi'al wcrk: crcatly complemernt the physiological indicatoi-s comronly uscd •

in, cy.rcise studies (7,C,15). Indeed, the subjective rating of the intensity

of cxertior, as perczived by the indivioual has been proved a reliable and

valid physiological stress indicator (5,6). However, ncasurements of physic-

. l,;•il .- perceptu~31 responses of w.ork intensity inthe evaluation -f 0 hysical.....-..'

traiiiing programs have received little emphasis and have met with conflicting

results (7,8,11).

As part of a large-scale study designed to evaluate the efficacy of a

physical training program in a U.S. Army infantry division, the opportunity

wa; presented t3 evaluate both the physiological and perceptual responses to

physical tra.ning. The objective of the present experiment was to det.rmi.e

whether differences exist in the perception of an absolute workload in groups

differing in their level of fitness arJ whether it changes as fitness charges

with a training program.

Methods

Subjects were 80 young male military personnel who underwent two tests

M(T and T2 ) of physiological-perceptual evaluation which were separatedby a

period of 6 months. At T1 , two groups of 40 subjects each were comprised as

follows: Group I was a sample of personnel who had just been assign.'d to the

division and therefore, had not, as yet, participated in the physical training

program; Group II consisted of subjects who w'ere selected randoinly from units

within the division who had been participating in the training program for a

-...
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period of 5 munths. At T2, all subjects frori both Groups I and 1I were

retested after having been in the training proqramn for 6 and 11 months,

"respectively.

The physicial training program consisted of a daily (5 dayslfwecP)

one-hour mandatory physical tra;nirýj besslcn w'4ich wai corrised of a

caltthenic warm-up fcllowc'J y d 2-4 mile run at 5-7 mph.

•r.•'-,..:..Maxim~l oxygen. uptake (ý02 r.ax) was. deternired. on .1 *.l su bjects --using.:...: .. ,...

a m•ified version of the Interrupted treadmill test describe. by Taylor,

Buskirk and Henschel (16). Each subject perfcrm'ed a subzxirmal warm-up at

an absolute workload of 6 mph, 0% grade for 6 minutes. This was follomwed

by from 2 to 4 Interrupted runs of 3-4 minutes duration until a plateau in

oxygen uptake occurred wilth increasing workload. A 5-10 minute rest period

was allowed between runs. Expired air was collected in Douglas bags during

the last minute of each workload and analyzed with a Beckman F-2 C, analyzer

and a Beckman LB-1 C02 analyzer. Expired air volumes were measured with a

Collins chain-compensated gasometer. Heart rate was recorded during the

final minute with a Hewlett-Packard Model 1511 electrocardiograph. All

subjects were explained the objectives of the study, familiarized with the

"testing procedures, and signed an informed consent.statement prior t "
)

participation.

During the last 15 secs of each minute of the 6-minute absolute workload,

heart rate (tlR) was recorded and the subjects were asked to give a rating of

perceived exertion (RPE) according to the psychophysical scale devised by

Borg (4). This scale is numbered from 6 to 20 and the uneven numbers are
anchored with descriptive terms (i.e;, 7, very, very light; 9, very light;

S.-~ - - -



I ,fa irly3 licht; 13, sc:ýCwlhat hard; IS, !,_:',J";' 17, ,,cry h.. .. •, ", ,;e v

very hard). Subjccts werc told to f:Av,;ibi r il s1.1 s'. . t i':, o.,-"t I cL. ,i,.n, -. of

physlc•l stress, .c,•cfrt and fatigue anJ to t..us cC't,(cctrdte C1 t"_ir tuLoJ

feeling of ext:'ticn.

A scr•cs of tvo-vay arvi-,'ses of varLknce for rcT, .. tcd .•.res •erc

cor.-pu'ed for b..oth the I:R and PPE.

A sun~nary of the pnysic-.l characi:eristics a"n- inic-5 Of thc lo',cl cf

fitncss of both.groups durir.g each testins sessicr, ispaoe_ in Table 1c.

No differences were seen 1-i ý1tysical charte:triotic' .. t... t .

from either a cross-sectional or longitudindl apr.ro.ch. 1.ith reos-ct • ,

physiological data, Group II at T, had a significantly h1iher O:'Oz max (7..

and lov•.ecr R submax co!1),red to Group I. This sug'-csts a

difference in the 1:vel of cardiorespiratory fitniess eL'±:een ti-.e t'w Cpoups.

From a cingitudinnal evaluation (T2 vs T1), Group I soo a si,]jnficant

training effect as evidenced by an increased V02 max (b'!) and a docr-erased

. R submax. Group Ii did not show a further imprcvcmr,,cnc in aerobic pow.-r

but did show a significant decrease in IM :ubrax.

Figure I shows the 1H1 and RE taken at the Cnd Of each Mif~tpe o' toh

6-minute absolute workload (6 mp,, G% grade) in Groups I und TI at T2 . This

represents a cross-sectional comparison of perceptual responses. HR inzreascd

linearly with time reaching a steady-state by 5 minutes of exercise. A signifi-

cantly lower HA is seen at each minute of viork in Group I1 cc:-,Parcd to Group I

reaching a. mean difference cf M4 b/min by the 6th minute. ,FE is also scen to

increase linearly with time but no difference occurred in PPE betote•n the tý

groups at any point in the 6-neinute run dLuring the pretest.
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RPE and HR values witi. absolute work in Group I during both T, and T2

are shown in Figaro 2. This represerts, tth4.refore, a lor, itudinial corparison

of the training progrart. HR again is seen to irncrease line.arly with time

during excrcise. As a result of 6 months in the training program, the HR
. . , . - .. . .* * . .•

"decreased significantly (T2 vs TI) ar~cuntling to 13 b/min during the final

minute of exercise. Correspr.ndinqly, the RPE also decreesed approxin;atel, -
..... RP. Unt .t .. t.o. th.is e.'as not a *ar.e.differer..Ce l.1 at T2 vs

9.9 at T, at 6 minutes), it was significant (p<.05) during each rinute of I
the workload.

Figure 3 shows the HR and RPE 'i Group II at both T, and T2 . A significant

decrease in FR submnax of 8 b/min was seen at T:. The HR-RPE relation,;hlp again

did not change on a longitudinal basis as RPE also decreased sig.lfiL!..tly

during each minute of the run with continued physical training.

Figure 4 shows the HR and RPE data for the two groups compared on a cross-

sectional basis during T2. No differences in HR or RPE occurred at any ti:nm

during the 6-minute absolute workload.
. Submaximal and maximal ventilations for each group at both testing

pernodý is showm in Figure 5. I submax was taken during the final minute of

it the 6-minute absolute wo kload. At Ti, 9Esubmax was significantly lower in

Group 11 compared to Group I but this was a difference of only 5 1/mirn. By

T2, both groups showed a significant decrease in I subbmax of approximately

SI/mln.ý, With respect to I max, it was somewhat higher (4 1/min) in Group II

compared to Group T at T, but this was not significant. During the 6-month

t training period, however, Group I showed a significant increase in max of

approximately 10 I/min. Group II a•,c showed a slight irrerase in. E max with
E

continued training but this was not significant.

A"
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hat, L, -u *.r) cd by -C.VL~ 2 1 Irnvt' iq.ers E3!,E. ~!c , mr.) iJt

On the 06e!,F han~d , PE h.*, beeii shswr iot- tc c1l-.C Iuw Q~ per se, w~heni e:;crc Si'i

uW%-r t~he T1 flt#.ta~c of Iieat (4 ,r erij: %(8). In the presu!nt study, th'i

I&M-P.Pf relition'shlr wa~s also toL'i.: to - bet'weep~.twoa griipr. tzin diifferrd

ain thei*r level of fltrieý- %inhr studieJ using a cross -s ecthna I desitn. rh

deta. st~iwed that *..he. po'rcepltioii of thie iriternsity -,,f an iboiut workloa~d is

Pn-t ref1-cC-.Leby differm'es in-aerobic pev.,r eve to train~~ng.ý -This 'is*-

somnewf'at sorprislng sinf-e one would in~tuitively expect. that a ri-ore fit

irtdividt,_11 wvuld perceiove an absolute wc'rklead at. b2ing less. sto-enuous. This

wrould? b2 d',e presumATbly to a [ester strain on the cardi.are~spiratory s~yste~m

and: in a- improved functioning olP working irus cles as a resuli o~f the training~;

Results from other-cross-sectl-cnal studies dealing with perceptual responses

to absolute work heve suggested tat active subjects percelvr a g ven wijrklo:-d

to be lcss strenucus than eo sedentary subjects (2,15) :--However, -Irn neit-her

of thoese studies was 152max determined so that the degree of cardl'cya~eculer

fitn~ess could not be assessed between cirrips. Furtherm'ore, Nagle sA. al. (11)

f11lri..stucylbg successful and un-Successfull Olymi~pc wre~inq candlidates, fouardc no
dlffPrernce in RPE betv.eeen those -two groups despite the succeszful group having

a higher h:2 max and a. lower PR sub~iax at the sa~rme workload.

Althou~h the rea!sons for the change in the PA-PE relatlcInshlip seen

cross-sec~tionally are not readily apparent, two possibilities exist whicht

could account for such a finding. First, it may Le 'that RPE is not 'as
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sensitive an indicator of the degree of exertion as are various physiological

indic-,s. Some sugc-estion of this is seer, in view of the fact thet Groups I

and II were working at approximately 801 and 75'a of thei respective maxir•al

oxygen uptakes. This may not represent a large enough di~ference with respect

to perceiving the armount of work being performed.

Another possible explanation lies in the type of work that was done.

It has been shown that RPE during submaximal bicycle exercise is higher th3n-
;S . ' ' • ' •. .*'.' ' . - " '" . .• : . ..: .. ';, * * : ". ". * : - " " ' ... ,o .. " " . . . " • . . • . . "* •

5 equivalent work performed on the treadmill (2,6,16) due presumably to a

greater local factor contribution, i.e., feeling of strain in the working

rmuscles (8). This would assume that with treadmill work local factors are

not as dominant and such central factors as HR, IE and t2 become more

i mportant. Reports in the literature relating to the r.Achanisms by which

7 , the intensity of exertion is perceived support the concept that ventilatory

variables are more readily perceived during exercise than other central

factors (8,10,13,14). Indeed, Bakers and Tenney (1) have showi that ventliatory

rate and volume can be perceived with a high degree of carrelaticn between

actual {physical) and estimated (psychological) magnituee of variable. There-

fore, the small change of 5 1/min in E seen in the present study between the

two groups at TI, may be a significant reason for the absence of any change

in the perception of absolute submaximal work despite an improved maximal

J aerobic capacity.

In most longitudinal studies, the HR-RPE relatiotiship has be.in shown to

remain unchanged with training in that both are reduced at the same submaximal

workload'(7,8,9). Linderholm (9) studied Swedi:sh military conscripts before

and after 4 months of training. Both HR and RP7 wiere reduced approximately

" I - . •. -" -. .

I --



-- |- .

7

"CX at the s•,ne 3uhmax.i!tl workload following, training. rssentially the some

finriin; was reported by Docktor and Sharkey (7).. Ratings at-a HR ofR.,O-t;e .

not altered following a 5-week training program. Howe.ver, the time to reach

a H of 150 was significantly increased, thus it occurred at a.higher workload.

:n another inve:tiqatlon at given submaximal 10, levels, RPE was reduced

1.5-2.0 Foirts follci-ilng training (8). Results from the.logitudinal portion

4of tiie present stody support the abov.efir, dins as seen Oy the decrease in H4

and RPL in Group I during the 6-month training period. This is, of course,

important to consider since a given work task in daily life activity, such as

in manual work, should be perceived more easily. However, the findings in

Group I1 of a decrease in HR and RPE during subrnaxir.al work derpite no further

change in b0, may with continued training iE perplexing. It may be that naive

subjects, such as used here, undergo a certain degree of "habituation" to the

work or increase their efficiency during submaximal work which is reflected

by decreaset in both physiological and psychological responses to the workload.

This may represent an inherent problem in the use of such subjects in a

longitudinal study. Another problem in the longitudinal apptoach- are the "

demand characteristics placed on the subjects which become Important in such
volitional assessments as RPE. One or both of these factors may be partially

responsible for the changes seen in the longitudinal portion.of the study.

Although it was not the intention of this study to examine the mechanisms

, I by which the intensity of exertion is perceived, it is of interest to note

'that changes in OE submax correlate well with the changes seen in RPE for both

the cross-sectional and longitudinal coparisons. Although RPS, as measured by

the Borg scale, is a general response resulting from multiple physiological

inputs (8,12,13). it is suggested that ventilation is oni of the primary cues

to the perception of the Intensity of su•,iaximal work.

I

/
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FIC~URE LLCUND

Ficui-e I. Perceived oxer t~lor and heart rate during~ absollute work in ý,roiip

Iand II at T1. ~SE.

Fictire 2. Pmrcecivcd exf~rt.Ion and hexirt rate during abso'lute work in C r,,,;p I

at 'LT a nd T 2  USE.

Fi(;.re, 3. 'Perceivoa' exErtion and hecart rate dur-Ing absclutce wcrk in Group 1I

ri-jure 4. Pcrceiv,-d ct.xcrtior, and heart ratc durinq absolute work In Groups

I and 11 at lz. f" SE.

Figurc- 5. S;xialand rnaximal ventilation in GrOuIps 1 and J! during b.ath

Ti and [2. Y.SE.
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